The sizes of the genomes of 12 Ureaplusmu strains isolated from six mammalian and one avian species, as determined by pulsed-field gel electrophoresis, varied from 760 to 1,170 kilobase pairs (470 to 723 megadaltons); and these values encompassed the values for the genomes of Ureuplasma urealyticum strains. Variation of at least 54% in the genome sizes restricts the usefulness of this taxonomic criterion for the genus Ureaplasma .
The genus Ureaplasma consists of the members of the family Mycoplasmataceae (order Mollicutes) that hydrolyze urea (8). These organisms are found primarily on the mucous membranes of various mammals, including humans, and of chickens, where they may act as saprophytes or potential pathogens. Previously, we studied the 14 serovar standard strains of Ureaplasma urealyticum, which were isolated from human genital tracts, in an investigation of the suitability of pulsed-field electrophoresis for genome size determinations (12). The genome size range observed, 760 to 1,140 kilobase pairs (kbp) (470 to 704 megadaltons [MDa] ), implied great heterogeneity for members of a single species, but the values could be placed into two, nonoverlapping clusters ( Fig. 1) . Similar groupings of these strains have been based upon other criteria, including DNA-DNA hybridization data (2), patterns of DNA cleavage by restriction endonucleases (3, 9), data from electrophoresis of cellular proteins (5, 15), and susceptibility to Mn2+ (11). A homogeneous value of 760 kbp was found for four serovars (serovars 1, 3, 6, and 14), a group which we refer to as the parvo or small-genome cluster, whereas the remaining serovars (serovars 2, 4, 5 , and 7 through 13) have a broad range of genome sizes (840 to 1,140 kbp [531 to 705 MDa]). As this second cluster contains strain T960 (CX8), the type strain and serovar 8 standard, we refer to it as the T960 cluster. On the basis of these results we hypothesized that studies on genomes of ureaplasmas from nonhuman sources might indicate both the range of sizes within the genus and whether clustering of sizes occurred.
(A preliminary report of this work was presented at the 89th Meeting of the Societe Francaise de Microbiologie, September 1989, Strasbourg, France.) We examined representatives of four of the five named Ureaplasma species and some unassigned strains; the sources of these strains are shown in Table 1 . Batch cultures were prepared in either bromothymol blue broth (10) or a modification of this medium containing double the concentrations of serum and yeast extract that we used for the more fastidious ureaplasmas (14). Late in the exponential growth phase chloramphenicol was added to reduce replication forks; after an additional 90 to 120 min of incubation, the cells were harvested, embedded in agarose, and deproteinized, and one to three cuts were made in the genome with restriction endonuclease ApaI or SmaI or both. Genome sizes, relative to yeast chromosome standards, were determined after pulsed-field electrophoresis in a Bio-Rad CHEF * Corresponding author.
DR2 apparatus. Details of this method and the method used to measure genome fragment sizes have been described previously (12). Except for the caprine strain, which was examined on only two occasions, sizes were derived from four or more gels; the variation in separate determinations for a single strain ranged from 0 to 6%. Conversions between values for sizes (in kilobase pairs) and molecular masses (in megadaltons) were based on the following relationship: 1,000 kbp = 618 MDa.
The genome sizes obtained for the mammalian and avian ureaplasmas are shown in Table 1 . With the addition of these values the genome sizes for the genus Ureaplasma extend over a range of 410 kbp (253 MDa), which is slightly greater than the range of 380 kbp (235 MDa) observed for the type species (12). As variations in genome sizes of 23, 52, and 50% have been reported for the species Pseudomonas aeruginosa (l), Staphylococcus aureus (7), and U. urealyticum (12), respectively, the variation of 54% for the genus Ureaplasma is probably not unusual. The size of the smallest genome, the genome of the avian species Ureuplasma gallorale, was about 760 kbp and thus similar to the sizes of the smallest genomes found in U . urealyticum strains. The largest genome, that of Ureaplusma felinum (1,170 kbp), was slightly larger than the genome of U. urealyticum NIH5 (1,140 kbp), the largest genome of the serotype standard strains of U. urealyticum. Three or more strains of the simian Ureuplasma sp. and the bovine species Ureaplasma diversum were examined, and some level of homogeneity may exist.
The previous criterion for genome size for the family Mycoplasmataceae was 500 MDa (8). Figure 1 shows the heterogeneous Ureaplasma genome sizes. Strains of two taxa, U. gallorale and the parvo cluster of U. urealyticum, had smaller genomes, while the molecular masses of all other strains exceeded 500 MDa. In the group of organisms with larger genomes there was a discontinuity of 150 kbp, which suggested that there are two subgroups with size ranges of 825 to 950 and 1,100 to 1,160 kbp. It is tempting to postulate that there are three clusters within the genus Ureaplasma (i.e., molecular masses of roughly 6 0 0 , 500 to 600, and >675 MDa) and that these clusters might be helpful in taxonomic studies of the genus or clinical studies of U. urealyticum. However, recent findings (13) between the >675-and 500-to 600-MDa clusters, it is possible that the 65-kbp gap to the <500-MDa cluster will also be bridged. An examination of strains which are not presently available to us, including the newly described species Ureaplasma cati (4), may reveal strains that occupy these gaps or further extend the range of genome sizes.
In a recent phylogenetic study of the Mollicutes Weisburg et al. (16) stated that "even genome size did not segregate the mollicutes cleanly." The degree of heterogeneity which we found within a single, relatively well-defined genus and its type species has taxonomic implications. While approximate genome sizes may guide the study of Ureaplasma phylogeny, strictly defined sizes can no longer be considered genus-or species-specific traits. Since our manuscript was initially submitted, other workers have reported genome sizes for 19 species belonging to the families Mycoplasmataceae and Acholeplasmataceae, also obtained by pulsed-field gel electrophoresis (6). The a The sources of most of the strains have been described previously (14); the exceptions are bovine strain 95 TX and caprine strain 651, which were obtained from C. Livingstone, Texas A & M University, San Angelo. data for these organisms demonstrated that there is a continuum of genome sizes between 684 and 1,600 kbp, further supporting our findings for the genus Ureaplasma of the family Mycoplasmataceae.
